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EFFECTS OF LOSS OF SLEEP (I.)
BY EDWARD S. ROBINSON AND SAMUEL O. HERRMANN
The University of Chicago
INTRODUCTION
The experiments reported in this paper and in the one to
follow it1 were conducted with the purpose of studying the
effects of loss of sleep. We were interested in the specific
nature of these effects as well as in their general amount and
direction.
The qualitative effects of insomnia are apparently quite
definite. Roemer2 and Aschaffenburg3 have both reported
that exhaustion brought on by loss of sleep characteristically
increases the proportion of sound and other lower grade
associations in the free association test without materially
increasing association time. Patrick and Gilbert4 have
described visual hallucinations and other incidents of dis-
sociation and disorganization. Visual hallucinations were
also noted by Smith,6 and Aschaffenburg6 observed occasional
hallucinations of contact during one of his experiments.
Hypersensitivity and emotional instability were noted by
Smith.
From a quantitative standpoint the outstanding paper is
the one already cited, by Smith. She is the first investigator
of this subject who, so far as we are aware, has obtained any-
1
 The second study was carried on by E. S. R. and F. Richardson-Robinson.
s
 Roemer, E., 'Ueber einige Bezielungen zwischen Schlaf und geistigen Taetig-
keiten,' Dritter internationaler Kongress fur Psychol., 1896, 3S3"35S (a brief summary).
8
 Aschaffenburg, G., 'Experimentelle Studien uber Associationen,' Psychol.
Arbeiten, 1895, I., 209-299, and 1897, II., 1-83.
* Patrick, G. T. W., and Gilbert, J. A., 'On the Effects of Loss of Sleep,' Psychol.
Rev., 1896, 3, 469-483 •
• Smith, M.—A 'Contribution to the Study of Fatigue,' Brit. J. of Psychol., 1916,
8, 327-3SO-
•Aschaffenburg, G., 'Ueber die psychischen Erscheinungen der Erschoepfung,'
Arch, fur Psychiatrie, 1893, XXV., 594-597-
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thing like adequate records from tests preceding and following
the period of insomnia. The availability of her report
renders it unnecessary to describe her work in any detail.
Suffice it to say that in two tests in particular (the McDougall
dotting machine and an associated words test) she found that
her performance improved or remained normal for a day or
so immediately subsequent to a period of insomnia. Follow-
ing this, there set in a period of inefficiency from which she
recovered gradually through some days. An interesting
result appears in the fact that during her periods of low
efficiency following loss of sleep, her efficiency could be brought
back to normal rather abruptly by the interpolation of an-
other period of insomnia. It appears that a mixture of
physical weariness and mental exhaltation were present
during the early period following loss of sleep when efficiency
was relatively high. During the period of lower efficiency,
feeling tone was practically normal.
Although Smith's results are consistent throughout her
study, it does not seem to us that they can be accepted with-
out further verification. In the first place, she employed
but one subject, and, in the second place, her findings are
quite unlike those of other investigators. It should be said
that she herself admits her experiments might well be carried
out in more extensive fashion.
The quantitative results of Aschaffenburg, Roemer, and
Patrick and Gilbert show that as a result of periods of en-
forced wakefulness some functions show a marked deteriora-
tion while others show little or no modification. The absence
of data from adequate tests before and after the loss of sleep,
however, make difficult an estimate of the importance of
most of those effects. In the case of Aschaffenburg's and
Patrick and Gilbert's experiments a certain complication is
present due to the fact that tests were applied continuously
or at comparatively short intervals throughout the period
of wakefulness. A certain amount of variation in these
cases can probably be laid to the specific work of taking the
tests rather than to the loss of sleep. But in general it can
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be said that the results of these investigations show a loss in
efficiency as a result of deprivation of sleep rather than an
initial gain followed by a loss.
There is another point of some importance upon which
the data of Patrick and Gilbert and those of Smith are not in
agreement. The former experimenters found from a single
testing, conducted following a 90- (approximately 90-) hour
insomnia and the first subsequent night of sleep, that that
night of sleep, which was only from 16 per cent, to 35 per cent,
longer than an ordinary one, completely restored the efficiency
of the subjects employed. They present an explanatory fact
in the form of the extreme soundness of the sleep of one of
their subjects just after his prolonged wakefulness. While
Smith noticed a prompt recovery from subjective consequences
of loss of sleep, her objective results show that the process of
recovery was a very gradual one extending over a number of
days. Of course, it is possible that further tests upon Patrick
and Gilbert's subjects would have shown the apparent restora-
tion only temporary, and that, following it, there was a period
of low efficiency lasting for a considerable length of time.
There is no tangible evidence, however, for any such assump-
tion.
Because of the disagreements which we have pointed out,
it seemed to us desirable to conduct further experiments with
the hope of discovering whether the stimulating effects of
insomnia reported by Smith are at all general and of uncover-
ing or verifying other consequences of loss of sleep.
SUBJECTS
On account of the arduous nature of our first experiment,
only three subjects were employed. K. R. J. is an under-
graduate student, male, 20 years of age. While not over-
weight, he is large and athletic. At the time of the experi-
ment he seemed in excellent health. W. H. is a graduate
student, male, 22 years of age. At the time of the experi-
ment, he was in only fair health. S. H. is a graduate student,
male, 22 years of age. His health was very good.
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METHOD
In our first experiment we studied the effects of going
without sleep from the ordinary rising time on one day until
the ordinary retiring time the second night following, a period
of from 60 to 65 hours.
The following tests were employed:
I. Hand Dynamometer (Smedley).—Three readings were
taken for each hand at every test period. The subject chose
an optimal setting for the instrument at the beginning of the
experiment and this was kept constant throughout the work.
II. Tapping.—Up to the seventh or eighth day of the
experiment, a lateral tapping instrument devised by one of
the writers was employed. Certain unforeseen difficulties
arose at that time, and, since there was not time in which to
correct them, a shift was made to the ordinary tapping board
and stylus. An electric clock counter was used as a recorder.
The subject tapped for a period of three minutes with each
hand, a two-or three-minute rest being given between the
tapping with the right hand and that with the left. The
usual precautions were taken as to the position of elbow,
forearm, and wrist, and grip on the stylus.
III. Aiming.—The materials and apparatus recommended
by Whipple1 were employed. The metronome was set at 69
beats per minute. The subject went through the series of
targets forward and then backward and forward and backward
with each hand. That is, there were 40 thrusts for each hand.
IV. Reading Letters.—This test was adapted from one of
Patrick and Gilbert's ('naming of letters'). A single prose
passage of 1,000 letters (12-point type) was employed. The
material was arranged in a column approximately 3.5 inches
in width. The subject began reading the letters aloud from
right to left in the lowest line and continued up the column—
reading through each line from right to left. The experi-
menter kept track of the accuracy of the performance by
means of a copy of the text, the letters of which were enlarged.
1
 Whipple, G. M., 'Manual of Mental and Physical Tests, Simpler Processes,'
pp. 147-151. See the same work for a detailed description of the dynamometer and
tapping tests.
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V. Mental Multiplication.—Twelve two-place by two-place
multiplications were performed at each sitting. The problems
were chance arrangements of the digits from 3 to 9 inclusive.
The problems were read to the subject by the experimenter.
No graphic movements were permitted during the perform-
ance. Each incorrect digit in the results was counted an
error.
The subjects were put through the tests once each day
beginning from 11 to 26 days before the period of insomnia
and continuing until the fourth or fifth day following the
insomnia. The records for each day are given in Figs. I.
to X., and the exact number of repetitions for each test can
readily be observed in these figures. The testing was done
at the same time of day for each subject. W. H. was tested
between 6 and 7 P.M., S. H. between 7 and 8 P.M., and K. R. J.
between 8 and 9 P.M. Because of increasing speed of per-
formance in certain of the tests, the test periods dwindled
frorn one hour or longer in the early stages of the experiment
to from 30 to 45 minutes at the end. The testing during
each period was practically continuous, and the tests were
always given in the same order.1
Where both speed and accuracy were involved (reading
letters and mental multiplication), the subjects were in-
structed to work as rapidly as possible without sacrificing
accuracy. During the period of fore-exercise, the subjects
had access to their previous records and strove constantly to
better them.
So far as we can ascertain, the subjects were free from
prejudice in regard to the outcome of the experiment.
The period of insomnia, as we have said, lasted from the
usual rising time on one day until the usual retiring time on
the second day following. That is, each subject went without
sleep on two consecutive nights. During the daytime portion
of the period, the subjects engaged in their ordinary activities.
At night they did whatever would make their sleeplessness
•This order was dynamometer, reading letters, aiming, tapping, mental multi-
plication.
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most assured. This varied from reading and studying to
walking about, attending the theater, and in one case, taking
a short railroad journey.
RESULTS
Figures I. to X. give the plotted records of the three sub-
jects throughout the experiment. The points in the curves
marked by circles represent performances during the insomnia.
That is, records for day 27 are records obtained on the day
following one sleepless night, and records for day 28 are
those obtained on the day following the two consecutive
sleepless nights. In the interests of more ready comparisons,
the curves were placed on the graphs in such a way that the
insomnia records of the different subjects coincide chronolo-
gically, although as a matter of fact they did not quite do so
in the actual experiment.
The effects of the period of insomnia upon performance in
these tests can be judged by inspecting the irregularities
apparent in the curves of performance before, during, and
after the loss of sleep. The irregularities in these curves
before day 27, we may be sure, are no more due to unusual
amounts of sleep than to undetermined variations in a
normally uniform mode of life. Variations as great or con-
sistent as these, then, may be caused by any one of the minor
fluctuations of everyday life, and, unless a newly introduced
condition, such as a period of insomnia, be accompanied by
greater or more consistent variations, there are no grounds for
estimating its effects.
The dynamometer curves show no effects from the in-
somnia. The right-hand curves of K. R. J. and S. H. in the
tapping test show a possible loss due to the insomnia, but
the evidence furnished by the right-hand curve of W. H.
and by all three left-hand curves is negative. Perhaps the
accuracy of K. R. J. and W. H. in the aiming test was affected
deleteriously so far as their right hands were concerned, but
the other curves for this test show no such effect. The results
for reading letters are not very decisive. The fact that all
three subjects improved slightly in accuracy during the
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insomnia is not emphasized enough by our data to be taken
seriously. All three of the error curves for mental multiplica-
tion rise during the insomnia. The time curves for the same
test are apparently unaffected.
The main conclusion to be drawn from these curves is
that the results of the tests were not affected by the insomnia
in any marked or consistent manner. In so far as the curves
show any general effect, they show a deleterious one. In
only one (Fig. VII.) of ten sets of curves is there any evidence
for increased efficiency during the insomnia. Our test re-
sults, then, would support the conclusions of Aschaffenburg,
Roemer, and Patrick and Gilbert rather than those of Smith.
The fact remains, however, that most of our results are
practically negative. This might be explained as due to
the actual absence of any marked effects from the 60- to 65-
hour insomnia, or to the fact that, feeling certain symptoms
of lowered capacity, the subjects expended more effort on
the tests during the period of sleeplessness. If this latter
explanation is applicable to the almost negative character
of our results, it might also be applied to the peculiar results
of Smith. And it does not seem so highly incredible that
her increased efficiency immediately following a loss of sleep
may have been due to over-compensating through added
effort for her lowered capacity. She claims that in at least
one of her tests (the McDougall dotting machine) the possi-
bility of variations due to changing amounts of effort was
taken care of by the nature of the test. But the mere fact
that the speed of performance is kept constant or that the
test is exciting is, in our estimation, no guarantee that the
subject will always exert a constant, in this case a maximum,
amount of effort. Another factor which may have masked
an actual loss of capacity in Smith and in our subjects is the
increased interest in the general experimental situation which
one might expect just at the time of actually going without
sleep.
The qualitative effects of the insomnia upon our subjects
were well marked. During the day following the first
sleepless night, K. R. J. felt slightly nervous but otherwise
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normal. Following the second sleepless night he reported a
'buzzing in the head,' he felt sleepy, and found it almost
impossible during the morning to concentrate on a book that
he tried to read. W. H. reported headache and burning eyes.
On the evening following the first sleepless night, he said
that he felt 'almost dead.' On the day following the second
sleepless night, he was very nervous and jumpy. When
spoken to, he answered rapidly and with absurd emphasis.
S. H., from his reports, seems to have felt the insomnia least,
but even with him there was a dazed feeling, very like mild
intoxication, present after the first night without sleep and
growing more pronounced throughout the sleepless period.
From these observations, it is evident that the loss of
sleep did affect all of these subjects, and that at least one of
them, W. H., was rather severely affected. It being ad-
mitted, then, that the loss of sleep had an effect upon our
three subjects, the lack of more positive evidence in the test
scores may mean that the tests happened to tap capacities
comparatively uninfluenced by the insomnia, or that the
changes in these capacities were compensated for by some
such factor as extra effort. Because of the general nature
of the qualitative effects noted by us, and also by other
investigators, the second hypothesis seems the more reason-
able. We know that many acts of muscular strength can
be performed with what is apparently the same efficiency
when we are tired as when we are fresh. But acts performed
when we are tired usually involve new or additional muscles.
This change in the muscular make-up of an act has as ante-
cedents those 'sensations' which we think of as our tiredness.
This is probably closely analogous to what happened to
our subjects. As they felt the effects of insomnia increase,
they may have exerted more effort on the different tests,
which really amounts to saying that they began to alter their
muscular or ideational means of producing constant or nearly
constant objective results.
In some form or other the above theory has been offered
in explanation of other failures to obtain markedly positive
results with mental tests under conditions where important
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changes in capacity must surely have taken place.1 In the
case of our experiment, the nervousness, the headache, the
dazed condition, and the very noticeable disturbance of speech
establish beyond a doubt the deleterious effects of a prolonged
insomnia of which the test scores tell nothing. It is signif-
icant too, that such a function as mental multiplication is
apparently as unmodified as the considerably simpler ones.
If our explanation is the correct one, it points out an important
limitation in the use of the usual tests for the detection of
even relatively great disturbances. A desire to state the
amount of such disturbances in purely objective language can
be met only by test procedures of some refinement. Yet,
even were such procedures readily available for application
to a wide variety of functions, it is questionable whether the
effects of loss of sleep, for instance, could be more vividly
described than in terms of the visual hallucinations, the in-
creased irritability, the emotional instability, the headaches,
the nervousness, the dazed condition, and the disturbance of
speech which this and other investigations have revealed.
Suppose that we had been able to measure the degree of
effort expended on mental multiplication on different days of
the experiment, and suppose that we had found that efficiency
during and after the insomnia was maintained only with
x amount of additional effort. Those other results, obtained
from what would generally be termed introspective and
incidental observation, would still in our judgment be as
important as any of our findings.
Our subjects reported that after a single night of sleep
(average length, 8.5 hours) all detectable subjective con-
sequences of the insomnia had disappeared. This agrees with
Patrick and Gilbert, and with Smith. Our own objective
results, in so far as they show any effects of loss of sleep,
indicate that those effects did not persist for long after the
insomnia. Here we are more in agreement with Patrick and
Gilbert than with Smith.
1
 See Morgan's discussion and demonstration of the need for something other
than the conventional measures of efficiency in terms of production. Arch, of Psychol.,
1916, No. 35.
